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It has ~r~v~~~s~y beerr d~m~~strat~d that ~r~p~fo~ is oxidized to a uful dimer in 
~~~rn~r~ia~ rne~bis~~f~te containing propofol emulsions after the vial is opened and the 
~mulsiun exposed to air”. This does nut Occur in commercial EDTA cu~ta~~i~~ propofoi 
~~~1s~~~ ~~d~cat~ng that sulfite f~~ct~~~s to catalyze this propofot oxidation* 

demonstrated that there are detectable ~~~~e~~at~~~s of mal~~d~a~d~hyd~ 
in commercial suffitt: containing propofol ~rn~~s~~ns when the vials are 
ately analyzed for MDA after opening (Baker ~~~sc~pt submitted, appendix). 

A, a marker of lipid peroxidation, is not detectable in EDTA propitfof ~rn~~si~~ 
similarly analyzed. These finding point to the fact that metabisulfite ~~a~~~~3~, which 
d~ss~c~at~s to sulfite (SO& in solution, is in some manner catalyzing both of these 
~x~dat~v~ processes. Sulfite has been reported to furm free radicals in the presence of 
~x~ge~, Fnd it is ~~5t~esized that initial sulfite ~xjdat~~~ to free radicals is the 
mechanism by which a strong oxidative envir~nme~t is created irr the sulfite ~~~tajn~~g 
~r~p~~~~ emulsion. 

is end, electron spin resonance (ESR) s~~ctr~rnet~ was pe rmed Q~I sulfite 
~~a~ni~g prop~f~l emulsion and EDNA containing propofol emulsion. Tfais was done 

y wi t~drawi~g 500 PI emufsion from fresh unopened vials ( f 9% pr~~~f~~ ~rn~~s~~~, 
Censia Sicor F~a~ace~tjca~s Inc, lot 0UE3 18, exp W/02; Diprivan, Astr~~~ca 
~~a~ace~ticals, Eat 40fTF, exp ~~/~3~~ mixing the emulsion with an electron spin 
wrapping agent ~~UQ mM DMPO), and immediately scanning for ESR signals, 



awn in f~g~~g I, a string free radical signal is detected in sulfite contai 
e~~~s~~~. In e~~t~ast, there is no radical signal in EDTA propofol ~~~~si~~ 
analyzed (Figure 2). Additionally, when the emulsions are bubbled with 95% oxygen 

no signaf is detected in EDT’A prupaf~l emulsion, whereas a strung 
se observed in sulfite containing propofol emulsion. 

H ne splitting values for the radical signal in the sulfite containing 
as trap were: ~2’ = 15.79 to f6.Z 1 G, and aN = 14.60 to 14.71 G. 

spect~m is consistent wit fiterature ESR spectra of the sulfite anion radical (SO33 ‘. 
The ~~~u~en~e of this radical indicates that in tile sulfite containing propofol ernu~sj~~, 
sulfite is readily oxidized to tile suXfite free radical when air is introduced. Furthermore, it 
shows that radical is formed in spite of the fact that propofoi, which functions as an 
ant~~x~da~t3 is present. 

efaw depicts the f~~atiu~ of the su fite radical upon after reaction between 
It is this proposed reac ion of sulfite with oxygen in the sulfite 

~r~~~f~~ emufsion that is the initial step in t e cascade of reactions leading to lipid and 

n tion and propofol d~~e~zati~~ as dismissed 
prgvi~us~y, suffite ~~~tai~i~g propofol e is also known to undergo a 
d~s~~~~rati~n, a yellawing, upon exposure to air‘? The nature of the substance yielding 
the yek3w cufar as well as the chemical reactions that bring it about are not clear. For 
that reason, simulated intravenous drip infusion experiments were performed and 
ctremical changes evaluated Over time in the emulsions. A total 12 hour drip time was 
lessen SO that emulsion ~~ern~st~ could be evaluated during hang times 1) that 
approximate tfrose &at occur with the use of the currently marketed SO and 100 ml vials 
of 1% ~r~p~f~~ emulsion (3-6 hr), and 2) those that will likely occur using larger 

osed vials, ie 200 mf (6 12+ hr). 

50 ml vials of pr~pof~~ emulsion were dripped using a Flu-Vent 
ing. Emulsion drip using ttzis syst causes air to replace the dripped 

Out emulsion and in such a manner that there is a sfo bbling of air into the emulsion 
from ~~t~~rn to top of tt-re liquid. Vials were hung at temperature under ambient 
fluorescent ~jght~ng. At zeru time, 4 ml of ernu~si~n ripped out and at each hour for 



4 ml were dripp emptying rate from a 50 
approximates the ad to a 70 kg person from 

% propoful emulsion. The coflected emulsion was analyzed far 
fo~atj~~~ and propofol dimerizatian. 

Y~~~uw~ng of pr~~~f~~ ern~~s~Qn was dete~ined to occur visi lY in 2% time of 5-7 hours* 
was very slight, but noticeable when compared to an unopened vial of 
mulsi~~. The yellowed substance was readily extracted from emulsion 
. The extracted yellow products were ~hr~mat~gra~hed on a re 
mn and the only absorbance detected in the visible range was 

having a maximum absorbance at 424 nm. The formation of this band over the 12 hr 
simulated intravenous drip c~ntin~Qus~y increased in the 6 to 12 hr period (Figure 3). 
Because the vio et region ~4~~-43~ nm) of the visible ele~trQmagnet~c spectrum is 
c~m~~ernenta~ to yellow, an emulsj~n having an absorbance band in violet range is 
expected to appear yellow. 

atiun showed that the band abs 424 nm ~hr~matugr~~h~d 
an authentic compound cafied dimer quinone ~~r~vided by 
~a~eutica~s~ which is likewise yellow in solution. A simulated 12 hr 
of the EDTA propof emulsion did not result in ye~~~w~ng af the 

~mu~~i~n. HPLC of he ethyl acetate extracts of EDNA propofol emulsion similarly 
draped did not resu t in any 424 nm bands or any absorbance bands in the visibEe 
sp~~t~rn du~ng the 12 hr period. 

he ethyl acetate extracts from the draped sulfite ~~nt~n~ng propofof emulsian were 
ana~~~d by electrospray liquid chromatography-bass spectrometry (LCILMS). Figure 4 
shuws the detection of peaks having ions consistent with propofol dimer (mw = 354) and 
pr~~~f~~ dimer qvinone (mw = 352). Mass spectrums of these peaks ~~nfi~ the identity 
of these compounds as propofot dimer and propofol dimer qui~~ne (Figures 5,6,9). 

QWS the f~~atiun of propofof dimer and propof dimer qu~n~ne during the 
r drip ~x~~~rnent as evaluated by LC/MS. LOW quantities of prop”oflol dimer were 

zero. ~~~~~f~~ dimer increased aver time up to the 12 hrs. ~r~~f~l dimer 
qu~n~ne was not detected at time zeru and initially appeared at 6 hr. It also showed a 
c~nt~~ua~ increase up to 12 hr. The appearance of the propofol dimer quinone correlated 
with the appearance of emulsion yellowing as determined by the appearance of a 424 nm 
band by I-IPLC (Figure 3). These data confirm that sulfite ropofol emufsion ye~~uwjng 

on air e~~~sur~ is due to propofol dimer quinone. 

ofol emulsion shows that is 
etectabfe at 8 hr in the simulated drip ~f~gu~e 8). similar to the propofol d nd 

imer quinone, continued to increase in quantiiy in the emulsion over time. 

The relative intensity of the sulfite free ra ical signal over time in a simulated 12 hr drip 
as p~~~~ed as described above is shown in figure 10. The signal increased from stati af 



tip up to 6 hours, fo~~~~ed by a dg~~jn~. The decline is pr~suma~jy due to the 
decline in sulfite concentrations due to its oxidation over time exposed to air. 

These data demonstrate that under simulated clinical ~~~d~t~~ns ~rn~lt~-~~~r iv dri 
sulfite: in prupof~~ emulsions wilf catalyze propofol d~rn~~~at~~n and lipi 
a progressive manner uver the 12 hours evaluated. The occurrence of the 
~uinQ~e likely results from the oxidation of the propofof dimer as 
Evidence that propofol dimer and prop&A dimer ~uinu~e redox c 
d~m~nstrat~d by the addition of a reductant, such as d~t~~~nit~* to a ye! 
pr~~~f~l emulsion. This causes a loss of yeflow color and increase in p 
f~~a~~~~ (data nat shown). 

The QCCUTX%: these oxidati ve prc~esses 
to the ~~~t~a~ tion of the sulfite radical t t is shown here to readily QCCUS in the 
suNte ~~nta~n~ng propc~fot emulsion. Its occurrence in dripped out ~mu~s~~n and 
persistence in a banking vial shaws that it is an infused chemical species during iv drip 
~nf~s~~ns. The formation of the sulfite radical is a one electron oxidation of sulfite, as 
opposed to tfnc two electron oxidation of sulfite which forms sulfate? The sulfite radical 
has the potential to directly react with propofol and unsaturated lipids, or it may form 
mote potent oxidant species in the presence of oxygen such as the sulfite peroxyf radical 

$X3+) or sulfate anion radical (SC&) ’ to cause emulsion component oxidation. 

Thi@: s~~~f~c~nc~ of I!4.DA measurements is tkat it is a ~~rnrn~n~y 
~~r~x~dat~~n, and in ipt viva it is used as a measure of oxida stress, But it is a minor 

~er~x~datiun product in lipid systems cuntajning muft e unsaturated fatty acids’. 
A arises fmm the ~e~~x~~t~~n of Iipids paving three or more unsat~~ati~ns~ and as an 

a~d~hyd~ is it a ~~~IQgi~a~~y reactive substance? In soybean oil emulsions it 
pted~m~nant~y rest&s from finolenic acid (18:3)8 which constitutes 8% of the ernu~s~~n 
fatty acid fipi& However, otfier unsaturated fatty acids in propoful emuM~s also 

ially liberate important lipid cleavage products upon per~x~dati~n. Linsfeic acid 
for example, which is present in much higher c~n~entratj~ns (%%6) than XinoXenie 

acid in pr~~~f~~ emulsions forms the reactive and toxic aldehyde, bhydroxy nonenaf ‘*I”. 
Aff the products from sulfite catalyzed lipid peroxidation in propofol emulsions need to 
be determined. 

Summa~ 
revious work has demunstrated tfiat sulfite under ap 

~r~~x~dan~ rather than as an anti~x~dan~~ I. The data ted here show that suffite in 

y creates a prcmxidant e~~i~~~~~~t when exposed to air. 



Figure 1. ES ectrum of commercial metabisu~f~te ~onta~nj~g propofof emulsion. 
~nai~s~s was pe~o~ed as described in the text. 

Fi&ure 2. ESR 
was pe~o~ed 

of c~~~~~ca~ E TA containing propofo~ emufsion. Analysis 
B 

~~~~~~ 3. Y~~~owi~g of commercial metab~s~lfite ~o~ta~n~ng propofol ~mulsjon du~ng a 
simulated 12 hr jntravenous drip. One ml of emulsian was extracted with f ml ethyl 
acetate fo~~uwing emulsion cracking with 1OOpl 10% NaCl. 230 mf of extract was 
chromatographed on a Waters dual pum LC system (Baseline 

ped with a 484 ~i~lip~re absorbance detector. Propofol products were separated on 
a ~ypersi~ ODS 5 pm column (150 mm x 4.6 mm id) using a solvent of 70% 
aceton~t~~e~~~% I&Q at a flow rate of 1.5 ml/min. “‘Absorbance” represents area under 
the curve (AUC) of the 424 nm band, Brackets indicate approximate time of yellow 
v~s~a~izat~o~. 

S detection of parent ions of propof~l dimer (5.1 tin) and propofol 
dimer qu~none (29.8 min) in ethyl acetate extracts of sulfite propofof emulsion. This 
sample analyzed is a 12 hr sample from the simulated 12 hr infusion. LCfMS analysis 
was pedaled on an AgiIent Technologies f 1 OOMSD using a C I8 Phenosphere NEXT 3 
pm column. A mobile phase of 1% formic acid in a~eton~t~~~/water ~?~~~~) was used. 

. ~~ec~rospray mass spectrum of propofo~ dimer from the I.2 hr sam 

~retention time 29.8 min). 
ectrum of propofof defer quinone from t 

c 

~~~urg 7. Fo ation of propofo~ dimer and pofol dimer quinone in sulfite ~onta~n~~ 
pr~pofo~ dying a simulated 12 hr infusion. alysis was performed by electrospray 

S as described in legend to figure 4. Authentic propufof dimer and propufol dimer 
quinone were used as standards- 

a~o~d~a~dehyde (MDA) fo~at~on in s~~~~te pr~pofo~ emulsion du~ng a 
simulated 12 hr jntravenous infusion. &IDA was analyzed as described in the attached 
~a~~sc~p~ (Baker et al, Lipid peroxidat~on in sulfite ~ontajning propofol emulsion). 
Each data set represents a different 50 mf vial of sulfite containing propofol. Each data 
point represents the mean (rrtS.E.) of triplicate dete~~nation~. 

Fipre 9, St~ctures of propofo~ diner and propo~o~ dimer quinane. Propofol dimer 
q~~no~e results from the oxidation of propofaf dimer, 
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A~~~~~~~~~~~gy 65: A234,1986. 

blood components. 

Baker MT, Suter DM and Bates JN: ~xa~~~r~is~pr~ 
from the ~~ros~rna~ metabofism of ~v~~uran~. A~e~~~~s~~~~~y~ 
67:A293,198?, 

ates JN, Myers P , Guerra R, Baker MT, son D: S~thesis and 
detection of S-Nitroso-L-Cysteine. Fed. Pruc, 3 :A 13 44, 1989. 

Hansen TD, Warner DS, odd MM, Baker MT, Jensen : The 
infiuence of ~nha~atj~na~ anesthe on in vivo and in vitro 
b~n~Qdiazepine receptor binding in rat. A~es~~~s~~~~gy 7 I : A 2.204, 
1989. 

Baker MT, Vasquez MT, Chiang CIS: Effects of ~a~Qtha~e Red~ct~~~ of 
the Regiospecific Metabolism of R- and S-Wa~a~n in Hepatic 
~~~r~s~rn~s. A~~s~~es~~l~g~~ In press. 

Baker, M,T and Wj~~~arn C. R~nnenber~,Jr.: Acute St~rn~~a~~u~ af 
t~~uur~~th~~~ deflu~~nati~n and ~yt~chrQrn~ P450 ~na~t~vat~un in the rat 
by exposure to a sub-anesthetic ~~n~~nt~ti~n of is~~uran~. 
P~~~~~~l~gis~. 33, 1991. 



18. 

21. 

22. 

c. Patents 

Baker MT, Wang Y, an Olson MJ: Isofluranc ~te~tiati~n of 2-chloru- 
di~u~ru~then~ (CDE) rnetab~~~sm in human liver mi~r~somes. 
~ux~~~~~g~~t. f 3 :43 1, 1993. 

Wang Y, and Baker MT: Isoffurane (ISO) and ha~~tha~~ ( 
p~tent~at~~n of Z-chforo-1, I -di~u~r~~then~ (CDE) metabolism and 
hepat~t~xi~ity in phenobarbital-treated rats. ~~~~~~~~g~~~ 19P3. 

Naguib M, aker M, Cutkomp J, Queral L. 
general anesthesia by melatonin: CQ~pa~ativ~ dose-effect studies with 
thi~p~ntal and prapofctl. Anesthesiology (A- 1373, 2001). 

Baker MT, ~hi~barb~t~c acid reactive substances ~mal~ndiaIdehyd~~ in 
rnetab~s~lf~t~ containing propofol emulsion. An~sth~si~~ugy (A-XI3,2OOl) 

1. 

2. 

3. 

4. 

5. 

6, 

Baker, M.T. and J.~*Tinker. Deut~~at~d sev~~ura~e as an i~halati~~a~ 
a~~sth~ti~. IL& Patent #5,391,579*, issued Fe ruary 21 r I995 ts the 
university of Iowa. #93-26 - Serial No. ~~~~1~,2~4~ filed Jan. 28, 
1993. Claims allowe 

Tinker, J.H. and M.T,Baker. A method for the eli 
degradation af sevoflurane md deuterated sev&u 
US Patent #5,492,111, issued February 20, 1996 
allowed June 8, 1995). 

Baker, M.T* and J.W.Tinker. &rated sev~fluran~ as an ~~ha~ati~na~ 
anesthetic. US Patent ##5,789 August 4,1998 

Baker, MX, J. uzicka. Process for t 
hexa~uQrois~pr~py1 ethers. (filed January 1997, claims allowed July 15, 2997). 
US Patent #5,705,710*, Jan. 6, 1998 

aker, J-A. Ruzicka, Process for the synthesis of Hexa 
US Patent # 5,789,630, Aug. 4, 1998. 

Baker, M,T. an JHTInker. A method for the synthesis of ~~~tgrat~d 
sevoflurane.. ~applj~ati~n filed - continuation of UIRF #93-26 - 
Serial No. ~~/~1~,2~4, filed Jan. 28, 1993). 
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~r~~gn patent a~p~i~ati~~s filed. 

Active Du~~rnent Disc 

1. 
medi~in~ agents (7-5-01, DD# 496474) 

2. Baker, M.T. A method 
~nha~at~~n (5-29-O I, DD# 494391). 

ropofd to m~mals by 

3. Baker, MT. A method for the andm~n~stra~~~n of rapofof to mammals in 
subanesthetic doses (6-I-01, DD# 494588). 

Baker, 5. Comparative propofol ern~~s~~n stabitities. 
2ouu. 

I  Areas of Research Interest and Current Projects 



hasis is 0 ility of saturate al”tes ;znd ethers to 
ause a metabolic s~it~h~~g 

rn~c~a~~srn whereby saturated ~~~~a~b~~s stimulate gaseous 
hal~~th~n~ metabolis also on ~de~t~f~~ati~~ of the specifir; 

isozymes in rats and humans that exhibit f~~~~~a~ka~e ~~t~~tiat~d 
ha~~ethe~~ metabolism. 

I) atotoxicity and metabo ism of f~~Qri~at~d and deuterated 

the i~t~ra~t~ve effects af f~~~r~~arb~~ ethers on fiver 
haioethenes, and correlation of interactive ~ux~~~ty with f~~~r~a~~a~e 

s~irn~ia~ed ~a~~~t~~~e metabolism. ~~tab~~ic pathways and a~tivat~~~ of 
1) 1 -d~fl~~r~~th~~e and tr~f~~Qr~~the~~, and their potent P45Q ~~a~t~vat~ng 
properties are also being investigated. 

esis and deveto 
f~u~ri~at~d compounds. 

ile anesthetics and other 

emphasis is on the devet ent and testing of ~~u~~ra~~~ s~v~~~~ra~e as a 
volatife anesthetic, and t velQpme~t of chemical methods for the 
synthesis of the hexaf~~~r~~r~pyl group on several wmpounds i~~~ud~~g 
s~vufl~~a~e. In addition, we have successfully sy~tb~t~~~d a novel 
f~~Q~~~ated diethyl compound which exhibits anesthetic effects. ~~ have 
d~ve~~~~d a new rn~t~~d for the synthesis of sevoflurane related 

I, ale of d~~t~ri~rn isotope effect on the fiver toxic ty on t~~~a~~~ti~ 
Gurn~~~~d valproic acid. 

c* Current Prajects: 

+ synthesis of melatoni 
anesthetic properties 

rivatives (eg brQmQrne~atQ~~n) and the 
elatonin and its analogues (lath 
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ism and he~at~t~xicity the rat ~~~~i/~U - ~/~ 
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nesthesia Research Training Program 

asma analysis for protocol ~~~A-~2~ PI 
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lnvit~d IeGt~r~s, conference pr~s~ntatiuns. 
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